Introduction
============

Colorectal cancer (CRC), one of most prevalent malignancies, is considered to be the third most commonly diagnosed cancer (1.36 million cases), and the fourth cause of cancer-associated mortality (694,000 deaths) worldwide ([@b1-br-0-0-815]). Colorectal adenoma (Ad), also known as one of the pre-cancerous lesion types, is closely associated with CRC, and is present in the majority of cases of CRC ([@b2-br-0-0-815]). In spite of what has thus far been accomplished in terms of diagnosing and treating CRC, the diagnostic rate of CRC requires further improvement, and the prognosis of patients with advanced CRC remains poor. Therefore, it is crucial to explore the underlying mechanisms of carcinogenesis in CRC and to identify novel, sensitive and specific diagnostic biomarkers to improve diagnostic efficiency in cases of CRC.

MicroRNAs (miRNAs or miRs) are a class of small, evolutionarily conserved, non-coding single-stranded nucleotide molecules (20--24 nt), which are able to inhibit or promote gene expression via binding to the 3′-untranslated region of the target messenger RNA (mRNA) at the post-transcriptional level ([@b3-br-0-0-815]--[@b5-br-0-0-815]). A burgeoning body of evidence has demonstrated that miRNAs serve a crucial role in a variety of biological processes, including cell growth ([@b6-br-0-0-815]), cell apoptosis ([@b7-br-0-0-815]) and development of the nervous system ([@b8-br-0-0-815]). In oncological studies, a growing number of miRNAs have been confirmed to have an association with a large number of neoplasms ([@b9-br-0-0-815]--[@b11-br-0-0-815]). For example, miR-15a and miR-16 may be closely associated with cancer pathogenesis ([@b12-br-0-0-815],[@b13-br-0-0-815]). miR-143, as a tumor suppressor, inhibits the growth, and induces apoptosis of, gastric cancer cells through targeting cyclooxygenase-2 ([@b14-br-0-0-815]). To date, miRNAs have been detected and extracted not only in tissues, but also in the plasma, serum and urine ([@b15-br-0-0-815]). Willeit *et al* ([@b16-br-0-0-815]) demonstrated that miR-122, a liver miRNA, is able to function as a novel biomarker for cardiovascular and metabolic diseases. Therefore, miRNAs, as regulators of gene expression, are involved in the pathogenesis of numerous types of tumors, and are able to be applied as potential biomarkers for tumor diagnosis.

The miR-196 family, which is most strongly correlated with malignancies, contains three members, miR-196a-1, miR-196a-2 and miR-196b, which have been reported to be involved in several biological processes, including embryonic development and neoplasia ([@b3-br-0-0-815],[@b17-br-0-0-815],[@b18-br-0-0-815]). Emerging evidence has indicated that the aberrant expression of miR-196b is closely associated with leukemogenesis via increasing the population of leukemic stem/progenitor cells, blocking cell differentiation, promoting cell proliferation and diminishing cell apoptosis ([@b19-br-0-0-815]). Furthermore, Ge *et al* ([@b20-br-0-0-815]) demonstrated that expression of miR-196b in tissues may have a significant correlation with an aggressive progression of the disease and poor clinical outcomes in patients with CRC. However, the association between serum expression of miR-196b and CRC has yet to be fully elucidated.

The present study, has sought to determine whether the expression of serum miR-196b is upregulated in CRC, and to evaluate the diagnostic value of serum miR-196b in CRC.

Materials and methods
=====================

### Ethics statement

The present study was approved by the Ethics Committee of Renji Hospital, School of Medicine, Shanghai Jiao Tong University (Shanghai, China). All examinations were performed after obtaining written informed consent from patients and volunteers.

### Patients and serum

Between February 2010 and February 2015, 103 patients with primary CRC, comprising 62 males and 41 females, who accepted surgical resection in Renji Hospital, School of Medicine, Shanghai Jiao Tong University, were recruited in the present study. All the patients were diagnosed with CRC by two experienced pathologists, and did not receive chemotherapy or radiotherapy. In addition, 51 patients with Ad and 100 healthy individuals were enrolled as a middle group and the control group, respectively. Baseline information of all the groups is shown in [Table I](#tI-br-0-0-815){ref-type="table"}. Blood samples (5 ml) from the 103 patients with CRC, 51 patients with Ad and 100 healthy controls were collected in tubes containing ethylenediaminetetra-acetic acid (EDTA) prior to surgical operation. The sera samples were separated by centrifugation in two successive steps: A centrifugation at 1,600 × g for 10 min at 4°C, followed by a second centrifugation at 16,000 × g for 10 min at 4°C. Subsequently, the supernatant sera were stored in liquid nitrogen at −80°C for reverse transcription-quantitative polymerase chain reaction (RT-qPCR).

### RNA isolation and RT-qPCR

Total RNA was extracted from 100 µl serum using a Qiagen miRNeasy Mini kit (Qiagen, Valencia, CA, USA). The cDNA of miR-196b was reverse-transcribed from total RNA using a PrimeScript RT-PCR kit (Takara Biotechnology Co., Ltd., Dalian, China). U6 RNA was used as an internal control in the present study. The four primers used in this study are listed in [Table II](#tII-br-0-0-815){ref-type="table"}. PCR for detecting the expression levels of miR-196b was performed using an Applied Biosystems 7900 QPCR system (Applied Biosystems, Foster City, CA, USA) with a 20 µl RT-qPCR reaction mixture, comprising forward primer (0.6 µl), reverse primer (0.6 µl), cDNA (2 µl), ROX Reference Dye II (0.4 µl), SYBR Premix Ex Taq (10 µl), and doubly distilled H~2~O (6.6 µl). The relative expression of miRNA-196b was calculated using the 2^−ΔΔCq^ method ([@b21-br-0-0-815]), with U6 RNA as the internal reference compound.

### Receiver operating characteristic (ROC) curve analysis

The relative levels of miR-196 expression in the serum of patients and controls were recorded. ROC curves were generated, with the horizontal axis as specificity and the vertical axis as sensitivity, using GraphPad Prism 5 software (GraphPad Software, San Diego, CA, USA). According to the drawn ROC curves, the diagnosis cut-off points and their specificity and sensitivity were analyzed and calculated. The diagnostic value of miR-196b in the serum in CRC was evaluated, and presented by the area under the curve (AUC) and the standard error.

### Survival analysis

Patients in the CRC group were divided into two subgroups on the basis of whether the expression of miR-196b was high or low. Survival analysis using the Kaplan-Meier method was performed, using the data from a 5-year follow-up.

### Statistical analysis

All data were performed using SPSS 19.0 software (IBM SPSS, Armonk, NY, USA). Values are expressed as the mean ± standard deviation. Differences and/or correlations between groups were analyzed and calculated using the Student\'s t-test and Chi-square test. Survival curves were drawn using the Kaplan-Meier method, and the long-rank test was employed for survival analysis. Prognosis analysis was performed using multivariate cox proportional hazards regression analysis, and P\<0.05 was considered to indicate a statistically significant value.

Results
=======

### Serum miR-196b is upregulated in the CRC group compared with the Ad group and healthy individuals, and is a potential diagnostic marker for CRC

Serum miR-196b was detected in the three groups of participants, including healthy individuals (n=100), Ad (n=51) and CRC (n=103). As shown in [Fig. 1A](#f1-br-0-0-815){ref-type="fig"}, compared with healthy controls, the serum level of miR-196b was significantly upregulated in CRC (CRC vs. controls: −3.91±0.89 vs. −5.10±0.85, P\<0.001). However, the serum miR-196b levels were slightly downregulated in Ad compared with the healthy controls, although without statistical significance (Ad vs. controls: −5.12±0.86 vs. −5.10±0.85, P=0.68). These results indicated that the serum expression of miR-196b was significantly upregulated in CRC. ROC curves were drawn to analyze and assess the diagnostic power of serum miR-196b in CRC ([Fig. 1B](#f1-br-0-0-815){ref-type="fig"}). The AUC was 0.8135 (95% confidence interval: 0.7546--0.8725), with a diagnostic threshold of −4.785, and specificity and sensitivity were 87.38 and 63%, respectively. However, as shown in [Fig. 1C](#f1-br-0-0-815){ref-type="fig"}, serum miR-196b had no diagnostic value in the Ad group.

### Association between the clinicopathological features and expression levels of serum miR-196b in human CRC

As shown in [Fig. 2](#f2-br-0-0-815){ref-type="fig"}, relative miR-196b levels detected by RT-qPCR in the serum of the 103 patients with CRC were divided into the two subgroups on the basis of the expression levels of miR-196b: The high serum expression of miR-196b group, and the low serum expression of miR-196b group. The correlations between clinicopathological features and serum miR-196b levels are shown in [Table III](#tIII-br-0-0-815){ref-type="table"}. The results of the chi-square test demonstrated that low expression of plasma miR-145 was significantly associated with lymph node invasion, differentiation and tumor-lymph nodes-metastasis (TNM) staging (all P\<0.05), whereas no significant associations were determined for age, gender, history of alcohol consumption, tumor size, tumor invasion, metastasis and site of the primary tumor (all P\>0.05).

### Prognostic effect of upregulation of serum miR-196b in human CRC

Subsequently, the prognostic implications of an increased expression of serum miR-196b in CRC was investigated using the Kaplan-Meier method. As shown in [Fig. 3A and B](#f3-br-0-0-815){ref-type="fig"}, survival analysis indicated that overall survival (OS) and disease-free survival (DFS) rates of patients with CRC with high serum miR-196b levels were significantly lower than those of patients with low serum miR-196b levels (OS: 40.2 vs. 65.4, P\<0.05; DFS: 40.2 vs. 65.4, P\<0.05). Therefore, serum miR-196b was a prognostic indicator for DFS and OS of patients with CRC.

### Multivariate Cox\'s proportional hazard regression analysis of the prognostic values of indicators in human CRC

It remains unclear whether the independent parameters of serum miR-196b expression in the prognosis of human CRC are correlated with OS. In the present study, in order to explore the associations between the independent predictors of serum miR-196b expression in the prognosis of human CRC and OS, the clinical characteristics, including serum miR-196b expression, lymph node invasion, differentiation and TNM stage, which were defined as statistically significant, were performed using multivariate Cox\'s proportional hazard regression analysis. According to the multivariate analysis, the serum miR-196b expression, lymph node invasion and TNM stage were all identified as having significant associations with OS. Therefore, the present investigation has shown that independent predictors, including serum miR-196b expression, lymph node invasion and TNM stage, are potential risk factors for OS in human CRC (all P\<0.05; [Table IV](#tIV-br-0-0-815){ref-type="table"}).

Discussion
==========

At the present time, the mortality rate due to CRC remains higher than that for a number of other common malignancies. Recently, a burgeoning list of tumor biomarkers, including MYC, HOTAIRM1 and colon cancer-associated transcript 1 (CCAT1), have been reported to have a limited association with diagnosis and prognosis in CRC ([@b22-br-0-0-815]--[@b24-br-0-0-815]). Therefore, it is of great interest to identify further, more specific and sensitive biomarkers for the diagnosis of CRC. In the present study, it was noted that, compared with healthy individuals, the expression of serum miR-196b was significantly upregulated in patients with CRC, and serum miR-196b was identified to be a potential diagnostic marker for CRC. Furthermore, Cox regression analysis revealed that serum miR-196b expression, lymph node invasion, differentiation and the TNM stage were potential risk factors for OS in human CRC.

Tissue miRNAs, as the biomarkers of diagnosis, are most widely used in scientific research. Fadous-Khalifé *et al* ([@b25-br-0-0-815]) demonstrated that, compared with normal tissue, the expression of Kruppel-like factor 4 (KLF4) was markedly decreased in non-small cell lung cancer, although it was overexpressed in small cell lung cancer. In addition, Perini *et al* ([@b26-br-0-0-815]) demonstrated that the overexpression of membrane epidermal growth factor receptor is associated with decreased survival in pancreas cancer tissue. However, patients with a number of different types of cancer are unable to undergo surgery when they are diagnosed. The diagnostic effectiveness of this method is unsatisfactory, due to the limitation of there being a dependence on surgical resection, and the invasive procedure for the collection of tissue samples.

Given the great advances that have been made in diagnostic technology, with the exception of that associated with the tissues, it is possible that the expression of circulating miRNAs, which can be detected in, and extracted from, a variety of biological samples, including serum, plasma and urine, could be a useful addition to the technologies available. The miR-196 family of miRNAs, which is located at three paralogous loci in the mammalian homeobox (HOX) clusters, is able to regulate a series of genetic processes in the development of embryos ([@b27-br-0-0-815]). As a member of the miR-196 family, the aberrant expression of miR-196b was determined to be associated with a great number of cancer types, including lung, oral and gastric cancers, and acute myeloid leukemia ([@b28-br-0-0-815]--[@b31-br-0-0-815]). Low expression of miR-196b leads to the development of chronic myeloid leukemia via upregulation of the expression of the BCR-ABL1 fusion gene and HOXA9 ([@b32-br-0-0-815]). In addition, How *et al* ([@b33-br-0-0-815]) revealed that the low expression of miR-196b was significantly correlated with poorer DFS rates for patients with cervical cancer, and that the recovery of miR-196b expression resulted in reduced tumor angiogenesis and tumor cell proliferation in vivo, and reduced cell growth, clonogenicity, migration and invasion in vitro. Furthermore, Li *et al* ([@b34-br-0-0-815]) demonstrated that miR-196b expression was clearly associated with mixed lineage leukemia-rearranged leukemia by directly targeting the HOXA9/MEIS1 oncogenes and the FAS tumor suppressor. In contrast, upregulation of miR-196b expression was identified in glioblastoma, which was associated with a poor prognosis via promoting cellular proliferation ([@b35-br-0-0-815]). A similar result in gastric cancer revealed that, via regulation of the phosphoinositide 3-kinase/AKT/mammalian target of rapamycin pathway, overexpression of miR-196b promotes the proliferation and invasion of gastric cancer cells ([@b36-br-0-0-815]). Additionally, Wang *et al* ([@b37-br-0-0-815]) demonstrated that miR-196b was upregulated in colonic cancer tissues. Although the phenomenon of the aberrant expression of miR-196b in CRC is partly understood, little is known about the association between serum miR-196b expression and the clinical relevance of such an aberration. In the present study, based on three large cohorts, including CRC, Ad and healthy individuals, we have demonstrated that serum miR-196b was significantly upregulated in the CRC group compared with the Ad and the healthy individuals groups. It was also demonstrated that high levels of miR-196b in CRC sera were associated with positive lymph node invasion, the TNM stage and poor differentiation. Furthermore, miR-196b-high status was clearly correlated with shorter OS and DFS rates compared with those with miR-196b-low status. Finally, the Cox regression analysis indicated that high serum miR-196b expression, lymph node invasion and the TNM stage were risk factors for OS in human CRC.

The present study did have several limitations. First, this study could be repeated with the analysis and evaluation of a larger number of patients, which may help to improve the accuracy of the data and credibility of the study. Secondly, there may have been selection bias in operation when the inclusion criteria were formulated.

In conclusion, the present study has revealed that the serum expression of miR-196b was significantly higher in patients with CRC compared with that in Ad patients or healthy individuals. In addition, the results of our study have indicated that the overexpression of serum miR-196b was significantly correlated with lymph node invasion, the TNM stage, poor differentiation and poor prognosis. Therefore, serum miR-196b may have an application as a diagnostic tool and prognostic marker for CRC.
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###### 

Patient characteristics in the three groups.

  Characteristic                   CRC group, n=103   Ad group, n=51   Control group, n=100   P-value   
  -------------------------------- ------------------ ---------------- ---------------------- --------- --
  Age, years                       52.8±4.6           54.3±5.1         53.4±4.8               0.562     
  Gender                                                                                                
    Male                           62 (60.2%)         29 (56.9%)       52 (52.0%)             0.712     
    Female                         41 (39.8%)         22 (43.1%)       48 (48.0%)                       
  Nation                                                                                                
    Han Chinese                    95 (92.2%)         49 (96.1%)       94 (94.0%)             0.664     
    Minority                       8 (7.2%)           2 (3.9%)         6 (6.0%)                         
  Registered residence                                                                                  
    Urban                          64 (62.1%)         26 (51.0%)       56 (56.0%)             0.390     
    Rural                          39 (37.9%)         25 (49.0%)       44 (44.0%)                       
  History of alcohol consumption                                                                        
    Yes                              60 (58.3%)       23 (45.1%)       52 (52.0%)             0.293     
    No                             43 (41.7%)         28 (54.9%)       48 (48.0%)                       
  History of smoking                                                                                    
    Yes                            47 (45.6%)         27 (52.9%)       48 (48.0%)             0.694     
    No                             56 (54.4%)         24 (47.1%)       52 (52.0%)                       

CRC, colorectal cancer; Ad, adenoma.

###### 

Primers for performing reverse transcription-quantitative polymerase chain reaction on miR-196b and U6.

  Gene        Primer sequence
  ----------- ------------------------------------
  miR-196b    
    Forward     5′-TAGGTACCACTTTATCCCGTTCACCA-3′
    Reverse     5′-ATCTCGAGGCAGGGAGAGAGGAATAA-3′
  U6          
    Forward     5′-CTCGCTTCGGCAGCACA-3′
    Reverse     5′-AACGCTTCACGAATTTGCGT-3′

###### 

Associations between serum miR-196b levels and clinicopathological parameters in patients with CRC.

                                        Serum miR-196b expression                
  -------------------------------- ---- --------------------------- ------------ -----------
  Age                                                                            
    \<57                           45   30 (44.6%)                  15 (41.4%)   0.237
    ≥57                            58   32 (55.4%)                  26 (48.6%)   
  Gender                                                                         
    Male                           62   34 (57.1%)                  28 (63.8%)   0.172
    Female                         41   28 (42.9%)                  13 (36.2%)   
  History of alcohol consumption                                                 
    Yes                            47   29 (67.9%)                  18 (60.3%)   0.775
    No                             56   33 (32.1%)                  23 (39.7%)   
  Tumor size                                                                     
    \<5 cm                         59   38 (26.8%)                  21 (48.3%)   0.254
    ≥5 cm                          44   24 (73.2%)                  20 (51.7%)   
  Tumor invasion                                                                 
    T1-T2                          51   27 (52.9%)                  23 (47.1%)   0.212
    T3-T4                          51   35 (68.6%)                  18 (31.4%)   
  Metastasis                                                                     
    Yes                            33   22 (60.7%)                  11 (41.4%)   0.357
    No                             70   40 (39.3%)                  30 (58.6%)   
  Lymph node invasion                                                            
    Yes                            45   34 (67.9%)                  11 (56.9%)   **0.005**
    No                             58   28 (32.1%)                  30 (43.1%)   
  Differentiation                                                                
    Well                           21   15 (12.5%)                  6 (%)        **0.001**
    Moderate                       43   32 (26.8%)                  11 (43.1%)   
    Poor                           39   15 (60.7%)                  24 (44.8%)   
  TNM stage                                                                      
    I--II                          57   42 (19.0%)                  15 (41.4%)   **0.002**
    III--IV                        46   20 (81.0%)                  26 (58.6%)   
  Site of primary tumor                                                          
    Right-sided                    40   25                          15           0.875
    Left-sided                     42   24                          18           
    Rectum                         21   13                            8          

TNM, tumor-lymph nodes-metastasis. The P-values shown in bold are the statistically significant values (P\<0.05).

###### 

Multivariate Cox\'s proportional hazards regression analysis of the prognostic values of indicators on overall survival in human CRC.

                                                                         95% CI for Exp (B)   
  ------------------------ ------------------------- ----------- ------- -------------------- -------
  Serum miR-196b level     High vs. low              **0.045**   2.8     1.023                7.664
  Lymph node invasion      Yes vs. no                **0.013**   0.256   0.088                0.749
  Differentiation status   Poor vs. well, moderate   0.431       1.468   0.565                3.814
  TNM stage                III--IV vs. I--II         **0.022**   3.31    1.193                9.185

B, regression coefficient; Exp (B), index of the regression coefficients; CI, confidence interval; TNM, tumor-lymph nodes-metastasis. The P-values shown in bold are the statistically significant values (P\<0.05).
